A performance model has been programmed for solar thermal collector based on a linear, tracking parabolic trough reflector focused on a surface-treated metallic pipe receiver enclosed in an evacuated transparent tube: a Parabolic Trough Solar Collector (PTSC). This steady state, single dimensional model comprises the fundamental radiative and convective heat transfer and mass and energy balance relations programmed in the Engineering Equation Solver, EES. It considers the effects of solar intensity and incident angle, collector dimensions, material properties, fluid properties, ambient conditions, and operating conditions on the performance of the collector: the PTSC. Typical performance calculations show that when hot-water at 165C flows through a 6m by 2.3m PTSC with 900 w/m^2 solar insulation and 0 incident angle, the estimated collector efficiency is about 55% The model predictions will be confirmed by the operation of PTSCs now being installed at Carnegie Mellon.
It tracks the sun about single axis during the day.
Once the sun light strikes on the PTSC's reflective mirror, it is reflected to the PTSC's receiver tube.
The heat transfer fluid flows from one end of the receiver tube to another end to convert solar energy into thermal energy, which is used to drive an absorption chiller for space heating and cooling.
(Pressurized Water + Propylene Glycol)
Overall Solar Thermal System's P&ID 
General Description Of The Receiver Tube
The PTSC's receiver tube, as shown in Figure 3 , The annulus gap between absorber tube and glass envelope of BROAD PTSC is vacuumed in order to reduce conduction and convection between absorber and glass envelope.
The Energy Balance
In a steady state, the performance of a PTSC is 
When the solar radiation (red color arrows in 
Fig. 4 energy components in an absorber tube
For the outer surface of glass, the heat gain from solar and glass by conduction is equal to the heat losses from glass outside surface to ambient by means of convection and radiation, indicated in equation 7. 
For the inner surface of glass, the income heat is gain from absorber outer surface to inner surface of glass by radiation and convection. It is equal to the heat loss by means of the conduction through glass as shown in equation 8. ' _ 6.Dust and dirt on the PTSC are negligible.
PTSC Heat Transfer
The thermal network for the receiver tube of PTSC is shown in Figure 6 . The related variables in kW. The heat loss through piping is 1.37 kW. In terms of pressure, the pressure drop along PTSC is 1.055 kPa and along piping is 2.089 kPa, so that the overall solar energy entering chiller is 21.82 kW and the total pressure drop is 3.144 kPa. Additionally, the model also included the calculation of piping performance. Therefore, users can use it to select pump and make decision on pipe size and insulation. 
MODEL RESULTS AND ANALYSIS

3.1Results
The calculation results include the temperature, pressure and properties of heat transfer fluid, efficiency of PTSC, the heat and pressure losses throughout the system. Figure 7 shows one of the model calculation results under these conditions. The hot water, at 165•C under pressure to prevent boiling, flows into 4 PTSC modules in series at 1200 kg/H; 800 W/m^2 direct normal solar radiation is reflected on a 38mm absorber tube located at the focus line of PTSC, whose outside surface is coated with selective blackened nickel. The solar piping is made of carbon steel wearing a 2 ½ fiberglass insulation jacket. Both the supply piping and the return piping total are 85 meter long.
Thermal Losses
The thermal losses from the collector receiver are functions of operating temperature. The thermal losses through PTSC are changed in different ways depending on the receiver's configuration and operational conditions. As shown in Figure 8 , among three losses: conduction, convection and radiation, the convection loss from absorb tube to supporting structures is the largest; the next is the radiation loss from glass envelope to ambient air; the relative smaller is the convection loss from glass envelope to ambient air.
The thermal losses are always existing (if there is a temperature difference between receiver and ambient) whenever solar radiation is available or not. Figure 9 shows the thermal losses with sun and no sun. The thermal loss for vacuum receiver has the same trend with sun or no sun. The reason for the higher thermal loss with sun is that solar flux heats the solar collector to a higher temperature, which is related to greater thermal losses.
In order to understand the PTSC performance, several sets of calculations were carried out by various operating temperature, flow type, flow rate, and different direct normal solar radiation, incident angle, wind speed and so forth.
PTSC Efficiency And Operating Temperature
When the operating temperature increases, the Figure 10 shows that the collector efficiency drops with operating temperature increasing.
PTSC Efficiency And Solar Insolation
Solar collector absorbed more energy along with solar insolation increasing. Although the thermal losses also increase due to the increased collector temperature, it is much smaller than the enhanced absorbed solar energy. As shown in Figure10, PSTC efficiency increases with the solar insolation increasing.
PTSC Efficiency And Incident Angle
The incident angle modifier IAM is a very important factor impacting on the solar efficiency.
The incident angle is the angle between the aperture normal and a central ray of the sun as shown in higher viscosity, has a higher pressure drop than water as shown in Figure 16 . With the operating temperature increasing, the pressure drop decreases because the viscosity of fluid reduces. 
PTSC Efficiency And Air
PTSC Efficiency And Glass Cover
Surface temperature of the glass is significantly lower than the receiver's metal surface. If the glass envelope is removed, conduction and convection losses to the ambient air will be greatly enhanced, and wind effects will be much larger. Radiation losses will also increase when glass is removed because the higher temperature metal surface now radiate directly to the sky. 
PTSC Efficiency Simplified Equation
FUTURE WORK
Currently, Carnegie Mellon University has installed the PTSC based solar heating and cooling system as a pioneer of the high-temperature solar energy supply system for building usage. When the experimental data is acquired, the model will be validated. Then the calculated results will be used to do system simulation.
In parallel, the model will be used to improve PTSC design. The final PTSC optimal design will be send back to the provider, BROAD, to improve the product performance.
